The promise of productivity improvements has always been high in the litany of benefits predicted for computer use in government. Particular attention has usually focused on benefits at the clerical levels, where the "brawny" capabilities of computing are applied by means of large scale and repetitive data processing and office automation. Substantial promise has also been associated with managerial utilization of computing, where its more "brainy" capabilities are employed in management information systems and decision support systems. ' There has been greater uncertainty, particularly at the empirical level, about the effects of computing on the productivity of those professional workers at intermediate levels in the organizational hierarchy. Such professional workers are widespread in all service industries, whether public or private. This paper undertakes a careful, empirical assessment of the effects of computing on the performance of one such group of professionals-police detectives. In particular, it analyzes the detectives' level of computing use, the productivity effects of computing on criminal investigation activities, and the importance of the context of computing use on the individual-level effects of computing.
Yet, the problems facing service-providing professional workers are not unlike those facing managers and others for whom computerized systems are relevant: (1) the existence of a data base so large that the individual has difficulty accessing and making conceptual use of it; (2) the necessity of manipulation or computation in the process of deriving useful information; (3) the existence of some time pressure, either for the final answer or for the process by which the decision is reached; (4) the necessity of judgment either to recognize or decide what constitutes the problem, or to choose a solution; and (5) the need to facilitate responses to families of problems that are frequent and require direct action as well as decision. 2 Police detectives are an interesting case study of the impacts of computer-based systems for several reasons. First, detective work is information-intensive in theory and practice; yet detectives are among those serviceproviding professionals for whom productivity gains from computer technology have seemed less likely. Second, the predominance of highly discretionary field work involving multiple sources and modes of information places detectives low, even among the "streetlevel" professionals, in the presumed centrality of a computerized system to work. Third, however, police detectives have been supported by some of the most extensive and decentralized computer-based aids available to any professional workers in the public sector. This has been the result of both the general automation of law enforcement records and also the provision of specific systems tailored to their investigative tasks. And fourth, detectives seem an illuminating precursor of what other case-oriented professional workers, both within and outside government, will experience with the extension of computing and especially with the rapid spread of microcomputers that enable individual workers to communicate with large organizational data bases. Thus, in the final section of this article, detectives' uses and experiences with computing are the basis of a general characterization of computer-based systems for professional work.
Conceptualization
The central focus of this research is to assess how computer technology has affected the productivity of individual detectives in their work. 3 We treat the concept of productivity broadly here, to reflect an improvement in job performance that involves effectiveness more than efficiency. The performance standards we use to tap detective work center in individual-level impacts of computing on available information and on the number of workable cases, arrests, and clearances. We use detectives' own assessments of the effects of computing on their work and their job performance' as indicators of these performance standards.
We view the linkage between computing and the individual detective's productivity at two levels. The first is a straightforward link between the "extent of computer use" by individual detectives and productivity shifts. We expect that detectives' productivity will be greater with higher levels of computer use. The second linkage is rather more complex, involving the effects of the "context of computer use" on productivity. Recent empirical and theoretical literature provides a persuasive case that the adoption, utilization, and impacts of computer technology are highly contingent on the context within which computing operates.5 In particular, variations in productivity shifts might be contingent upon three elements of the context of use: (1) the organizational environment; (2) the computer package; and (3) the traits of the user (Figure 1 ).
The organizational environment is the broadest context within which the detective uses computing. Organizational factors such as the government's size and complexity, the scale of the service environment, the political climate of the government, and the level of professional practice in the government might influence the relationship between the detective, computing, and detective productivity. On the basis of the existing empirical research, we expect that computing will tend to have more positive effects on the productivity of detectives in environments (and, hence, information environments) that are larger in size and scale and that emphasize professional practices. The nature of the "computer package" (that is, the hardware, software, and personnel involved in the delivery of computing services)6 available to the detective is, perhaps, the most obvious contextual element that might affect the relationship between computing and the detectives' productivity. We might posit that as the technology is more extensive, more sophisticated, more decentralized, and more routinized, productivity gains attributable to that computer package will increase. Finally, certain traits of the individual detective might also influence that user's capacity to derive these benefits from computing. Among the detective's personal traits, greater computing benefits might be enjoyed by those who are more educated, younger, and more professionally oriented, and thus, more likely to routinize an innovative technology. We also hypothesize that productivity improvements attributed to computing will increase as the user's "socio-technical interface" with computing is more positive, including such features as the user's knowledge and experience with computing and the extent to which the user finds the technical experts responsive to his/her computing needs. 7 As suggested by our conceptual framework, the technology and the user operate within an organizational environment, and any combination of these three contextual elements might account for variations in the productivity of individual detectives. Hence, we assess both the independent and the interdependent effects of these elements.
Data and Methods
The data are primarily derived from lengthy selfadministered questionnaires completed by a random sample of detectives from 40 American municipal governments (drawn in a sample of cities stratified on key technological dimensions such as the level of automation, the sophistication of hardware and software, and the level of centralization in the provision of computing).8 Of the total sample in the data base, this paper examines 374 detectives who indicated that they use the computer or receive computer-based information.
We ask four questions regarding detectives and computing: (1) To what extent do detectives use computers in their work?; (2) Do the detectives attribute productivity shifts in their own work to the utilization of computers?; (3) Are there systematic associations between detectives' level of computer use and measures of the "output" from the detectives' work?; and (4) Can we account for individual differences in the impact of computing on detectives' productivity by features of their organizational environment, of the computer package available to them, or of their personal traits?
We assess the first two questions by tabular analyses of the responses of the detectives to specific queries regarding the utilization of computing in their work and regarding objective measures of the impacts of computing on their productivity. We assess the third question Clearly, the availability of computerized information is a necessary condition for its utilization by detectives. There has been a strong and continuing effort by federal, state, and local government agencies to support the development of police information systems.9 While few detectives have access to every type of automated police file, the 40 police departments in this study had computer access (batch or on-line) to an average of 6.2 of the 14 major police investigation data files that are automated, and detectives in every department in the study had access at least to state and national computerized data banks on outstanding warrants, criminal histories, and driver's license and motor vehicle registration. 10 These detectives do make quite substantial use of such computer files in their work (Table 1 ). About two out of five detectives report that they use computer files for all of their active cases, and almost two-thirds of the detectives use computers in the majority of their cases. While some do not use the technology, the "average" detective uses computing on about 60 percent of his/her cases. " I Do Productivity Shifts Result from Computer Use?
Two categories of productivity improvement can be assessed: (1) improvements in the information available to detectives; and (2) improvement in specific measures of each detective's workable cases, arrests, and clearances.
It is typically assumed that the performance of professional workers will be higher if their information is of higher quality, greater quantity, easier accessibility, and richer manipulability. Thus, for those as informationdependent as detectives, a significant improvement in the information environment due to computing could be viewed as an indirect productivity gain. Our measure of information improvements (Table 2) is an index combining four aspects of the benefits that computing might provide: new information, more up-to-date information, speed in obtaining information, and ease of access to information. More than 80 percent of the detectives have experienced these information benefits from computing, with strong confirmation of these benefits reported by about 30 percent of the detectives. It is clear, then, that a large majority of the detectives have enjoyed the kinds of improvements in their information-handling environments that are among the most fundamental benefits expected from computer technology. Table 3 displays our more direct indicators of the effects of computing on detectives' productivity. More than one in three detectives reports that some cases would have been unworkable (that is, cases where further investigation after the initial case report would not have been possible) were it not for the use of computing. About half of the detectives used the computer to link persons in custody to uncleared cases. And nearly twothirds of the detectives indicated that the computer assisted them in some of their arrests and clearances.
[Although not shown in the table, this benefit of computing occurred in the majority of instances (i.e., between 5-10 cases) for 41 percent of the detectives on clearances and 34 percent on arrests.] From a different angle, computing assisted the "average" detective on two-fifths of his/her clearances and one-third of the arrests, helped the detective link one in four in-custody suspects to uncleared cases, and saved one in every five cases from being totally unworkable. While some detectives report minimal effects of computing on their productivity, the most reasonable conclusion from these data is that detectives have experienced major and positive productivity shifts that are attributed to computer technology.
Does the Extent of Computer Use
Affect Productivity?
While our foregoing analysis clearly indicates that computing has enhanced the performance of detectives as a group of professional workers, it also indicates that the computer revolution has not touched all the detectives in our sample of police departments; nor has it touched the detectives evenly. (Pearson's R) correlation coefficients between the level of utilization of computing, measured as the number of the last 10 actively investigated cases on which computing was used, and the various measures of detective performance. There is a highly significant (in statistical terms) relationship between level of computer use and the effects of computing on every measure of the detective's productivity related to informational benefits, arrests, clearances, and number of workable cases. The linkages are exceptionally strong between computer utilization and the frequency with which computing assists on clearances and arrests. Table 4 confirms the expectation that detectives who make more extensive use of computing enjoy substantially higher productivity gains from the technology than those who do not. While use of a computer-based decision support system is usually depicted as selective, it is actually the detective who routinely "goes prospecting" on every case, whether or not he/she expects the search to pay off, who reaps greater benefits from the technology than the selective user. Table 4 also provides support for the inference that improvements in the information environment caused by computing are strongly linked with more direct job performance benefits attributed to computing.
Does Context of Use Affect Productivity?
We have now established that detectives do enjoy productivity gains from the use of computer systems in their work and that such gains increase with higher levels of utilization of those systems. But as presented earlier in our conceptual framework (Figure 1 ), both the technology and the user operate within an organizational environment, and any combination of these three contextual elements might account for variations in in- On the last 10 cases, the "average" detective was assisted by the computer on:
1.8 otherwise unworkable cases 3.6 arrests 4.1 clearances 2.6 in custody linkages aN = 374 detectives in 40 municipalities.
dividual detectives' productivity. Regression analysis was used to determine which, if any, of these contextual elements, and the specific variables that represented them, accounted for variation among the detectives (see Appendix). Table 5 shows that the context of use does account for a significant amount of individual variation on most of our measures of productivity attributed to computing accounting for the impact of computing on arrest and clearance levels, with about half of the total explained variance lost by excluding variables measuring the nature of the computer package (row 2b). In particular, computing improves the productivity benefits to detectives where it is decentralized to users and where it is more sophisticated (row 3b). The contextual elements with the greatest capacity to account for differences in the effects of computing on detective performance regarding informational benefits and in-custody clearances are the characteristics of the individual user, and, particularly, aspects of the sociotechnical interface between the user, the technology, and the technologists (row 2c). Productivity benefits from computing are higher where the detective is more professional, more experienced and competent with computing, and where the data processing staff is more responsive to the detectives' needs (row 3c). Taken together, these data yield an intriguing point:
the systems-in-use by detectives are at odds with conventional images of the nature and role of computerized systems for professionals and managers. They suggest that a new concept of computerized systems may be warranted for professionals like detectives whose work is primarily case-oriented. We will first review the conventional images of computerized systems for professionals and managers and then introduce another type of system-in-use derived from our empirical analysis of detectives' use of computing. In general, there are two conventional images of computerized systems: model-based and operations-based systems'4 ( Figure 2 ). The first and most traditional con-JANUARY/FEBRUARY 1985 cept, the model-based system, is largely tied to the theoretical and professional literature of operations research, management science, and decision science' and usually appears under the decision support system (DSS) label. This concept stems from theories which posit "problem solving" as the essence of professional work and prescribe model building as a means of solving problems. Information for decisions, then, is the output of formal analytical models and simulations (e.g., models for police manpower allocation, for projecting service demand, or for forecasting revenues and expenditures). By definition, information use is "selective" in such model-oriented systems because the model prescribes the relevant data and provides "the answer."
Systems based on the problem-solving concept incorporate both the mathematical operations and the data required to support the model. The data and operations are defined by the theory underlying each particular model and usually are distinctly different from anything found in the current operations and data of the government. Therefore, decision support systems must be built that are separate from the computer applications serving routine government operations and they must be supported by data collection procedures and data flows that are tailored to meet the unique needs of the decision model. The computer package underlying such DSS is one with the capacity to handle many small samples, sophisticated mathematical computations, and large simulations-namely, highly skilled model builders and large computational capacities.
The second type of computerized system, the operations-based system (Figure 2 ), has its heritage in the intellectual and practitioner literature of computer science, information systems, and data processing, and most commonly appears under the label of MIS (Management Information Systems).'6 This conception is supported by research that has found "problem finding" to be an important activity of professionals and managers. The information used in problem finding is defined by extremely simple, nonanalytical models, mainly involving data comparisons-over time, across organizational and geographic boundaries, and between planned and actual achievements. These historical and areal models are illustrated by the many routine reports, exception reports, and ad hoc comparison reports produced in the daily operations of most organizations (e.g., in police, the watch commander's report of criminal incidents and traffic accidents).
Computerized systems based on the problem-finding JANUARY/FEBRUARY 1985 concept are formed largely from the transactionoriented applications serving routine government operations. The greater the degree and range of such automated applications within the government, the broader the potential data base from which decision support information can be generated. Exploiting this potential requires technical capacity for integrating data (i.e., across departmental, agency, account, geographic, and other boundaries), storing large data bases, and quickly accessing them for various information requests. The computer package supporting such systems therefore includes highly skilled computer staff, data-base management systems, large storage and core capacities, and online access.
Clearly, systems based on both the traditional DSS and MIS images can be found in public organizations and in the police, as the examples already cited and those listed in Figure 2 illustrate. But neither of these two types of systems corresponds to what we have found to be the primary systems-in-use among detectives. Indeed, the actual systems-in-use are considerably at variance with the traditional images of DSS and MIS, and suggest that a new type of system-the "databased" system-might be more appropriate for caseoriented professionals.
A New Concept of Computer Support
In contrast to the traditional concepts of DSS and MIS, which are based upon the notion of "selective" understanding of how such use can support his/her specific information needs. And the computer package for such DBS provides interactive, easy access to the organized information via powerful data-base management software which allows direct manipulation by the user, who brings his/her professional expertise to bear in handling the case investigation.
Computer support for detective investigation provides a good illustration of the data-based system for case-oriented professionals. Detective investigation involves many record searches in many independent files for many different reasons under many varied circumstances. The type of use is best characterized as "prospecting" and is driven by the search for individual facts and by ad hoc hunches about how certain facts might be linked to aid a criminal investigation. Such prospecting is illustrated by three main patterns of use. The first is simple fact retrieval, involving the completely structured use of on-line data bases to search for particular facts about a crime, criminal, or modus operandi. The second use pattern involves more complex, less structured searches with computer support tailored to perform the most frequently occurring searches, such as the search of all field incidents within a particular time period or geographic area, or the search of all individuals with a particular modus operandi. The third use pattern is the most complex and unstructured, involving ad hoc, exploratory search with the aid of a generalized analysis system for search, summary, graphic representation and calculation. It is illustrated by the detective's effort to link clues from a crime with other incidents or facts-for example, to determine whether a late model blue Chevrolet with a partial license plate of NPJ. . . which was observed by witnesses near the scene of a rape can be further identified because it might have been stolen, ticketed for a parking violation in the vicinity of another rape, recently changed hands, owned by someone with an MO similar to that for this crime, or owned by a person subject to a recent field interrogation.
The information used by the detectives is contained in the law enforcement systems of the government-that is, the record-keeping systems which serve patrol officers, watch commanders, and records clerks, as well as detectives. Information also is drawn from special files designed to aid detective investigations and from regional and national law enforcement systems as well as from local ones.
The computer technology supporting the data-based system is moderately sophisticated, mainly involving computers with large storage capacity and on-line, remote access (sometimes interactive access) to the data bases. Search of the data bases is aided by preprogrammed keys on remote terminals, which facilitate routine fact-finding, by special software for frequently occurring searches, and by generalized data-base management software to support ad hoc retrieval and analysis. The computer technology also is decentralized, which, in the context of the police, means: freedom from contention with other departments for access; rapid response on a 24-hour basis; and control over the design and operation of systems by computer professionals oriented toward serving the police. This characterization is consistent with the empirical analysis in Table 5 , where sophistication and decentralization of the computer package and a positive evaluation of the responsiveness of EDP staff are the key variables accounting for variance among detectives in the impacts of computing on their productivity. Finally, in contrast to the other two types of systems, which require a user with considerable model and computer expertise, the data-based system requires user expertise in a substantive area (i.e., crime/criminal behavior in the case of detectives) and some expertise in using relatively straightforward computerized systems crafted to meet his/her specific information processing needs. This is also consistent with Table 5 , where user professionalism and user competency with computing are associated with greater computing benefits.
The concept of a data-based system is important for several reasons. First, DBS defines the predominant mode of computing among a major class of professional users: caseworkers. Second, data-based systems also seem to constitute a substantial proportion of the use of computing by most professionals and managers, more than either of the other two types of systems. As a result, we question whether current distinctions about computer-based systems give sufficient attention to the data-based type. For example, Alter"7 divides computerbased systems into two types as shown on the left in Figure 3 : EDP (or what we call traditional MIS), and DSS (or what we call traditional DSS). Alter further divides the decision support systems into seven types depending upon whether they are more data based or model based.
It is our observation that data-based systems are widespread-they are found not only among DSS, but also in traditional EDP/MIS as well. Dutton and Kraemer"8 describe a form of "management oriented computing" which is characterized by the generation, from the routine automated systems serving the operations of the government, of standard reports and, at times, special reports and analyses for managers. Alter also identifies such use of computing at the intersection of EDP and DSS. However, in contrast to Alter's characterization, we suggest that data-based systems seem to constitute a very large category of systems-in-use that involve direct, reflective information prospecting by the end users of computing. Certainly they are dominant in our current study of detectives, and in our extensive analysis of public sector employees in many roles. 19 Consequently, we draw the domain of data-based systems-the overlap between EDP/MIS and DSSsubstantially larger and as a distinctive type, as shown on the right in Figure 3 .
Third, the data-based system has implications for worker performance. Our data indicate that the detective who routinely goes prospecting on every case reaps greater benefits from the technology than does the selective user. In support of our assessment, recent behavioral research into human-machine interaction indicates that decision making improves when profes- 20 There is considerable reason to believe that the outcome of such human-machine interaction is no less a contribution to productive work than either mathematically optimal solutions to more narrowly defined problems or heuristic solutions to frequently encountered problems. The interaction between a person who possesses intimate knowledge of a case and its context (e.g., local crime patterns/criminals) and a computerized system that instantly provides key information may represent a vast improvement over traditional management science methods.2' At minimum, advantages may accrue because there is a reduced danger of solving, elegantly and optimally, the wrong problem, or of solving the right problem too late. Additional advantages from data-based systems may result from the easy accessibility to data, the "weight" of the information (i.e., its direct relevance to a decision at hand), and end user learning and reinforcement from frequent successful use of information in the system-critical determinants of whether computer-produced information is actually used for decision and action. 22 Policy Implications for the Management of Computing From a policy perspective committed to improving the productivity of professional workers by means of computing, these findings are quite encouraging. There is clear evidence here that computer technology can enhance the productivity of professional workers in the service sector. The kinds of performance benefits associated with detectives in this analysis should be generalizable to other professional workers who undertake similar semi-structured tasks and are dependent on a rich information environment. At minimum, the benefits should be generalizable to other street-level professionals who are engaged in activities that are essentially "case-oriented," e.g., probation officers, lawyers, social workers, prosecutors, court administrators, physicians, investment counselors, and insurance agents. Computing has the capabilities to serve as an integral part of a valuable computerized system for these kinds of workers.
Moreover, this analysis has suggested some of the major conditions that seem to increase the contribution of computer-based systems to professional work. The case of detectives suggests that professional workers will derive greater productivity benefits from computing: (1) if the computer package is more decentralized, so it is under the control of users; (2) if sophisticated computing capacity which permits human-machine interaction is available; (3) if the users have greater competency and experience with computing; (4) if the technical experts are more responsive to the felt needs of the users regarding the design and operation of the computer-based systems; and (5) if users routinely rather than selectively utilize the system. This analysis of detectives reveals that the last three conditions are particularly crucial in increasing the benefits of computing to work performance. That is, while characteristics of the technology importantly influence some productivity benefits of computing, it is characteristics of the end users' interface with the technology and the technologists that most consistently appear as critical determinants of the level of benefits derived from computing. Thus, despite continuing images of the computer as a mechanistic and homogenizing technology, its impact is highly contingent upon the personal and the interpersonal context within which computing is provided and used.
These findings have interesting implications for current experiments with placing microcomputers in the hands of professional workers in government. In general, they support the notion that improved job performance will result. Moreover, microcomputers decentralize both the technology and control over its use directly to the professional worker, while simultaneously providing that professional with access to the organization's data bases. Microcomputers also provide interactive computing capacity locally while providing access to large computational, storage, and networking capacities of mainframes. Both of these characteristics of the technology-its decentralization and its sophistication -correspond to important contributors to greater information benefits and higher productivity -among detectives in our study.
Although the computer package is important, the critical variables determining the value of such computing are likely to lie elsewhere. As with the detectives, they involve the characteristics of the users and their interactions with the technology and the technologists. Greater productivity benefits from computing among professionals are generated by the interaction among several factors: (1) the greater the professional workers' experience and competence with computing; (2) the more routinely the professional workers use computing; and (3) the more that technical experts are available and responsive to the needs of professional workers to gain computing competence and experience, to receive help on special computing problems, and to interface their own computing activities with the larger systems and data bases of the organization. These relationships will certainly hold regarding effectiveness performance criteria and, given the value derived from better exploiting the costly technology, they are likely to obtain for efficiency criteria as well.
The importance of expert assistance, in particular, supports the currently popular notion of providing "information centers"23 within an organization, where professional workers and managers can obtain help in evaluating, procuring, using and maintaining microcomputers and the computerized systems they support. Indeed, this might be the key determinant, since without expert guidance, end user competency and degree of use will be impeded. Thus, for governments that seek to increase productivity among their professionals, the message is clear: buying a batch of micros is simply not enough-both well-crafted data-based systems and responsive staff technicians are needed to provide the context of use within which professionals will enjoy higher levels of payoffs from computerized systems-inuse.
Appendix
In order to undertake a manageable yet comprehensive analysis of the relationships among the organizational environment, the technology and the user, a substantial set of specific indicators for each of the three elements was selected. Then as a variable-reduction technique, each set of indicators was subjected to factor analysis and the variable most representative of each factor was identified for use in the further analysis. In this manner, 33 variables were reduced to three variables representing the organizational environment, five variables for the computer package, and four variables for the user (Table 6) .
Regression analysis was then used to determine which, if any, of these variables account for variation among detectives in the extent to which they have experienced productivity shifts due to computing. Several regression procedures were employed. The first examined separately the effects on productivity of the set of variables in each of the three contextual elements. The second procedure entered the organizational environment variables first, since they constitute an existing milieu within which the technology and the user operate and the productivity effects occur, and then entered the technology and user variables. Our tabular presentation of results in Table 5 of the text provides several measures by which to assess the effects of the explanatory variables: (1) the total explained variance (measured as the R2 statistic); (2) the percentage of th explained variance "lost" if the set of variables for one of the three contextual elements is deleted from the regression; and (3) the most critical individual variables based on a stepwise regression analysis. The statistical significance of each of these measures is also reported. In each city, members of the URBIS Research Group spent 2-6 person weeks, conducting about 40 lengthy semi-structured interviews gathering operational data, distributing 50-100 selfadministered questionnaires, and writing an extensive case-study report. The computer package variables were gathered from interviews and questionnaires with data processing staff. The organizational framework variables were gathered from field work and from U.S. Census data. Among the respondents on the 103-item questionnaire were about 10 detectives, randomly selected from a list of officers in the department. Due to aggressive follow-up, the response rate among detectives was 82 percent. These detective responses were the primary data in this analysis. For further explication of the selection of sites and respondents and data-collection protocols, see Kraemer, et al.,
op. cit., Chapter 2.
9. Colton, op. cit.; Laudon, op. cit.
10. Kraemer, et al., pp. 108, 128-130. The 14 major police investigation files that are automated are: criminal histories (includes aliases), field interrogation reports, fingerprints, intelligence compilations, known offenders, modus operandi, owner of motor vehicle, owner of registered firearms, pawn tickets; persons passing bad checks, photograph index, stolen property, stolen vehicles, and notices of traffic/parking violations. 11. More detailed data on the extensive use of computing by detectives are reported in Chapter 3 of James N. Danziger and Kenneth L. Kraemer, People and Computers (forthcoming). 12. It is important to note that there might be a response-response bias between the appraisals of the value of computing for informational benefits, on the one hand, and the detective's assessment of the quality of the relationship with the EDP department.
However, there are a great many examples, in the data from which this analysis is derived, of bivariate analyses where the appraisals of computing and the assessment of the data processing unit are unrelated (some evident in this analysis). More broadly, one might argue that a dependent variable measured at the individual-level is most likely to be associated with other variables measured at this level. However, we suggest that these find- 
